The aim of the present study was to evaluate hydraulic characteristics such as manufacturing and flow variation coefficient, characteristic equation of self-compensating emitters and the variation between nominal flow and that obtained by the emitter equation using waters of different salt concentrations. The research was conducted in the greenhouse of the Academic Unit of the Agricultural Engineering, Federal University of Campina Grande-PB. Treatments consisted of five salinity levels in the irrigation water (ECwi) (0.6; 1.5; 2.5; 3.5 and 4.5 dS m -1 at 25 ° C) and four working pressures (60, 100, 140, and 160 kPa), with three replicates. The flow variations of emitters were considered small over time, being within recommendation of ± 7% of the nominal flow with "x" exponent values between 0.02 and 0.09, as recommended by the manufacturer, which was classified as self-compensating. The manufacturing and flow variation coefficients were considered excellent in all evaluations and the operating time did not influence the hydraulic performance of emitters. At pressure of 60 kPa and electric conductivity of 0.6 dS m -1 , flow rates near values provided by the manufacturer and more economically viable to the farmer were obtained. 
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Introduction
The increase in water consumption due to population growth and production activities, linked to environmental degradation of water bodies, has generated a situation of water scarcity in many regions of the world, which has changed habits especially in irrigated agriculture, which has sought to reduce consumption of water resources by optimizing irrigation systems (SILVA et al., 2012) .
According to Najafi et al. (2010) , due to the scenario of water scarcity and with regard to irrigation systems, there is preference for drip irrigation, whose expansion has remarkable record due to water and energy savings, and enabling automation and fertigation; however, care must be taken when using drip irrigation, which is subject to flow changes, whose consequences may result in flow obstruction, given that drip irrigation occurs through the use of emitters with holes of reduced diameter for water passage (CUNHA et al., 2013) .
Emitters are the most sensitive part of this irrigation system and should ensure the supply of water to soil and plant, with acceptable uniformity throughout the unit to be irrigated. From the hydraulic standpoint, emitters are characterized by the required operating pressure and its nominal flow, and information regarding the flow of emitters and their flow regime is essential for the design and management of a drip irrigation system. For both, this information is obtained through characteristic equations of emitters, which are expressed by pressure-flow relationships (YILDIRIM, 2007) .
In drip irrigation systems, mathematical modeling helps the construction of flow vs. available pressure curve at the input of emitters and is done with the aid of a potential-type equation (ALVES et al., 2008) . However, in the particular case of the so-called self-compensating emitters, it is desirable that the load pressure exponent is the closest to zero as possible in order to minimize flow variations due to variations in working pressures. The maintenance of materials and equipment of drip irrigation systems has compromised the efficiency in the application of lower quality water, thus the knowledge of system performance is crucial when used in the application of saline water.
Given the relevance of the theme, this study aimed to evaluate hydraulic characteristics such as manufacturing variation and flow coefficient, characteristic equation of the self-compensating emitter and the variation between nominal flow and that obtained by the emitter equation using water with different salt concentrations.
Material and Methods

Description of the experimental structure and system operation
The experiment was conducted in a greenhouse belonging to the Federal University of Campina Grande-PB. The experimental area is located in geodetic coordinates: 7 12 '88 "S, 35 ° 54' 40" W and average altitude of 532 m; for the experiment, a masonry structure with three experimental modules and five water tanks for supply of emitters was used.
The pressurization system consisted of a 0.5 hp centrifugal pump, with beginning of the working operation of 6 h and end of each application cycle of 11 h manually performed, according to beginning, application duration and flow schedules.
To prevent the entry of suspended particles into the system with size larger than the diameter of emitters, a 1" screen filter with flow capacity of 5 m 3 h -1 and a Bourdon gauge were used to measure the operating pressure applied to the system. The emitters used in the experiment are self-compensating, so that technical characteristics regarding flow, pressure, model, spacing and hole diameter are shown in Table 1 . Treatments were composed of the combination of two factors: five salinity levels in the irrigation water (ECwi) (0.6, 1.5, 2.5, 3.5 and 4.5 dS m -1 at 25°C) and four working pressures (60, 100, 140, and 160 kPa), with three replicates. Waters of different salt concentrations were prepared by methodology proposed by Richards (1954) .
Data collection process
The new emitters with 210 and 350 hours of operation were assessed, each row of emitters was individually assessed for different salinity levels and pressures studied. The flows of emitters were sampled according to methodology proposed by Keller and Karmeli (1974) and Deniculi et al. (1980) , the flow rates of eight emitters were collected: the first emitter and emitters located at position 1/7, 2/7, 3/7, 4/7, 5/7, 6/7 and the last emitter, with the use of plastic collectors and the volume was measured in a 1000 ml graduated cylinder. Time intervals were 5 minutes measured using a digital chronometer.
The flow rates of 24 emitters at each pressure were obtained, totaling 72 in the three evaluations and to the four pressures studied, a total of 288 collections for each salinity level were obtained, the time spent in each collection was 30 minutes with total of 6 hours for each collection in all treatments.
Manufacturing and flow variance coefficient
To evaluate the flow variations that occur among emitters due to differences inherent to the manufacturing process, the selected emitters were submitted to different working pressures. According to Solomon (1979) , the manufacturing variation coefficient is virtually independent from the pressure used in the experiment, provided that it is within the operating range. From the flow data, average flow rate and standard deviation were calculated, Eq. 1; then, the manufacturing variation coefficient (MVC) and flow variation coefficient (FVC) were determined according to Eq. 2. This coefficient was used with the name of flow variation coefficient, since the manufacturing variation coefficient (MVC) could only be used in samples of new emitters. 
Characteristic equation
The flow vs. pressure curve and the flow adjusted for new issuers with 210 and 350 hours of operation were determined as Eq. 3.
where:
k -Specific coefficient of each emitter that also depends on q and p units; p -Pressure available at the inlet of the dripper, kPa;
x -Emitter exponent, which characterizes the dripper flow.
Data were evaluated by analysis of variance and 'F' test at 0.05 probability level and in case of significance, linear and quadratic polynomial regression analysis was performed using SISVAR-ESAL statistical software (Lavras, MG) (FERREIRA, 2008) .
Results and Discussion
The summary of the analysis of variance for the manufacturing variation coefficient (MVC) in new emitters and the flow variation coefficient (FVC) for emitters with 210 and 350 hours of operation as a function of salt water application and different working pressures is described in Table 2 . It was observed that the salinity of the water used did not influence MVC for new emitters; however, when the flow variation coefficient after 210 to 350 hours of operation was observed, the salinity of the water applied significantly influenced at level of p <0.01 and p <0.05.
The working pressure influence the manufacturing and flow variation coefficient of emitters at level of p <0.01 and p <0.05. There was a linear effect for MVC in new emitters and for FVC in emitters with 210 and 350 hours of operation. The interaction between salinity of irrigation water and working pressure (S x P) was significant at (p <0.01) for flow variation coefficient in emitters with 210 hours of operation, Table 2 .
The manufacturing variation coefficient of emitters, when they are new, decreased with increasing working pressure provided to the system ( Figure 1A ). This decrease is possibly due to the increased demanded pressure, which favors the increase in water velocity and therefore a reduction in MVC. According to Solomon (1979) , the manufacturing variation coefficient can be influenced by any change in temperature, pressure and molding cooling time, because it affects the characteristics of emitters such as size, shape, weight, surface roughness and resistance. shape, weight, surface roughness and resistance. To this end, coefficients are classified as excellent, according to ASAE (1996) , results that differ from those found by Silva et al. (2012) in a study on self-compensating emitters with different domestic sewage effluents, who concluded that the manufacturing variation coefficient was above 20% in all the pressure range studied.
The interaction for FVC in relation to emitters with 210 hours of operation is shown in Figure 1B .
To this end, coefficients are classified as excellent, according to ASAE (1996) , results that differ from those found by Silva et al. (2012) in a study on self-compensating emitters with different domestic sewage effluents, who concluded that the manufacturing variation coefficient was above 20% in all the pressure range studied.
The interaction for FVC in relation to emitters with 210 hours of operation is shown in Figure  1B . It has been found that the interaction among treatments was significant for pressures of 60, 100 and 160 kPa. It was observed that, for pressure of 60 kPa, when the salinity level in the irrigation water increased, the flow variation coefficient also increased; however, for pressures of 100 and 160 kPa, when water with electrical conductivity greater than 0.6 d Sm -1 was applied, there was a decrease in FVC. This result was also observed by Lima et al. (2014) , who studied the manufacturing and flow variation coefficients in self-compensating emitter using saline water. Whereas the flow cross sections are usually of small diameter, manufacture must be accurate, uniform and constantly monitored because small variations in pressure can cause large differences in flow rate (FRIZZONE et al., 1998) .
When flow variation coefficient with 350 hours of operation in the irrigation system was studied, the isolated effect of the working pressure was verified, whose reduction was 0.01% when the working pressure provided to the system increased ( Figure  2A) . The isolated effect for the salinity factor showed that as the water electrical conductivity increased, the manufacturing variation coefficient increased significantly ( Figure 2B ). Possibly, this is due to the accumulation of particles near the outlet orifices of emitters, which favors increasing flow variations.
The manufacturing and flow variation coefficients, even with all alterations due to the different treatments, are in accordance with ABNT recommendations (ABNT, 2006) . Almeida et al. (2006) assessed the hydraulic behavior of drip irrigation emitters and found irregular manufacturing and flow variation coefficients. ( Figure 2B ). Possibly, this is due to the accumulation of particles near the outlet orifices of emitters, which favors increasing flow variations. It was also found that emitters are little susceptible to flow variation as a function of pressure, characterizing them as self-compensating, corroborating results found by Almeida et al. (2006) in which the potential equation presented value very close to zero (0.0974). According to ISO 9261 (ISO, 2004) , when the "x" exponent value of an emitter is less than 0.2, it is considered self-compensating. , with determination coefficient (R 2 ) of 0.995 and discharge exponent value "x" of 0.47, disagreeing with values found in this study. Silva et al. (2012) reported in their study on the performance of self-compensating emitters with different domestic sewage effluent comparing emitters used in field with some new emitters that new emitters were good at pressures of 100, 150 and 200 kPa, and regular for pressure of 250 kPa, indicating that for lower pressures recommended by the manufacturer, emitters obtained better performance.
The equation that relates flow and pressure of emitters and the characteristic curve with 210 hours of operation for different salinity levels is found in Figure 4 . The potential equations for each salt treatment S1 (0.6 dS m -1 ), S2 (1.5 dS m -1 ), S3 (2.5 dS m -1 ), S4 (3.5 dS m -1 ) and S5 (4.5 dS m 1.288H ; q = 2.183H and q = 1.926H with discharge "x" exponent values of 0.075; 0.015 and 0.034, very close to those found in this experiment, although other models were used. For Keller and Karmeli (1974) , the "x" exponent characterizes the flow regime and flow vs. pressure ratio of the emitter so that for 0 <x <0.5, the flow regime varies from turbulent to fully turbulent and the flow suffers less influence from pressure variations. For 0.5 <x <1.0, the flow regime varies from unstable to laminar, verifying that flow suffers greater influence from pressure variations. The closer the "x" exponent to 0 (self-compensating), the lower the emitter sensitivity to pressure variations.
The flow vs. pressure ratio for emitters with 350 hours of operation for different salinity levels is shown in Figure 5 , which was obtained by regression analysis, where the characteristic curve for each treatment S1 (0.6 dS m -1 ), S2 (1.5 dS m -1 ), S3 (2.5 dS m -1 ), S4 (3.5 dS m -1 ) and S5 (4.5 dS m -1 ) presents potential type equation with "x" values near zero (0.038, 0.036, 0.034, 0.034 and 0.029), respectively. exponent to 0 (self-compensating), the lower the emitter sensitivity to pressure variations. According to Almeida et al. (2006) , a selfcompensating emitter must present characteristic equation exponent ranging from 0 to 0.4, which was demonstrated in this study, so they were classified as self-compensating, showing that the flow of emitters was little influenced by pressure variations. Keller and Karmeli (1974) reported that the working pressure is of particular importance in pressurized irrigation because it affects the flow rate, the application efficiency and the water distribution uniformity. Working with pressure above values recommended by manufacturers, excessive fragmentation of water droplets can be caused due to the reduction of their size. Calculated "x" exponent should not be very different from the value provided by the manufacturer by ± 5%, according to ISO 9261 (ISO, 2004) , however, it was not possible to make this comparison, since the manufacturer did not inform this coefficient in their catalogs. It was observed for all assessments that emitters were classified as self-compensating, according to the "x" values, although there is a small increase in flow when pressure increases, Figures 3, 4 and 5. Pachico and Levien (2014) evaluated low-cost drip irrigation emitters submitted to low pressure and verified different behavior for self-compensating emitters, since the emitters used, although being self-compensating, presented "x" exponent value near 1.0, and this fact is possibly due to the compensating behavior of emitters that worked on operating pressure between 100 and 500 kPa.
This result differs from that found in the present study, since emitters used had compensating behavior, which can be explained by the fact that emitters have been tested in the pressure range suggested by the manufacturer.
Flow rates provided by the manufacturer and the difference in flow rates obtained by equations are shown in Tables 3, 4 and 5 for new emitters, with 210 and 350 hours of operation at different salinity levels and pressures. It is accepted by ISO 9261 (ISO, 2004) that the conformation of curves may have a range of ± 7% compared to curves provided by the manufacturer. It was observed that the flows obtained are close to that supplied by the manufacturer's catalogs and that percentage differences are within recommended working range (60 to 420 kPa), i.e., they are smaller than 7% imposed by ISO 9261 (ISO, 2004) . Garcia (2006) found in his study on the technical evaluation of emitters for drip irrigation evaluating 25 different emitters that experimental flows determined in laboratory are close to that provided by Petro Drip and Tiran catalogs, with values higher than those provided by the manufacturer; however, the percentage differences are within the pressure range recommended by the manufacturer of 60-120 kPa and 50-300 kPa for Petro Drip and Tiran, respectively, although lower than the 7% required by the standard, corroborating findings of this study. Marques and Campeche (2012) ; Prado et al. (2014) and Fernandes et al. (2010) evaluated uniformity in irrigation system and observed that the flow rate adjusted by exponential curve Characterization of the hydraulic performance of self-compensating emitters with water of different salt concentrations characteristic of the emitter followed that provided by the manufacturer, not exceeding the limit of 7% established by ISO 9261 (ISO, 2004) . These results are consistent with findings in this work, even using different type of emitter. Cunha et al. (2010) , in turn, assessed emitters under field conditions and found that, when comparing nominal flow with adjusted flow, it was observed that the nominal flow was 25% higher than the adjusted flow. This may be related to the reduction of the orifice diameter of the emitter caused by the accumulation of debris due to the high salt concentration in the irrigation water.
It was observed that the differences between nominal flow and adjusted flow increased according to the salinity level of the irrigation water and to the use time of emitters; however, within acceptable limits.
Conclusions
1. The flow rate variation of self-compensating emitters has been considered to be small over time, remaining within recommendation of ± 7% of nominal flow. Emitters obtained exponent values between 0. 02 and 0. 09, being classified as selfcompensating in accordance with manufacturer's data.
2. The manufacturing variation coefficient in all assessments was less than 5% being classified as excellent.
3. Pressure of 60 kPa associated with electric conductivity of 0. 6 dSm -1 yielded flow rates near that provided by the manufacturer and the most economically viable to the farmer. 4. When the operating time increased to 210 and 350 hours, the behavior was similar to new emitters.
